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NORMAL  INCIDENCE  BOTTOM  REFLECTION  MEASUREMENTS 
IN  THE  TONGUE  OF  THE  OCEAN  AND  EXUMA  SOUND 


I 

INTRODUCTION 

Bottom  reflection  measurements  using  a 12-kc  signal  at  normal  incidence 
were  conducted  ?n  the  Tongue  of  the  Ocean  (TOTO)  and  Exuma  Sound  in  July 
through  August  1963  by  U»  S.  Naval  Oceanographic  Office  personnel  aboard  the 
USS  PREVAIL  (AGS-20).  Measurements  were  made  along  the  tracks  Indicated  in 
Figures  1 and  2.  In  the  TOTO  an  attempt  was  made  to  collect  data  over  all  planned 
ranges  in  the  Atlantic  Undersea  Test  and  Evaluation  Center  (the  Sonc-  and  Acoustic 
Ranges  have  been  relocated  from  the  areas  indicated  in  Figure  1),  in  addition  to 
supplementing  the  existing  low  frequency  data  obtained  the  previous  year  by 
NAVOCEANOW  2,  3 jn  the  Weapons  and  Acoustic  Ranges, 

The  TOTO  was  divided  into  two  areas  to  facilitate  ship  operations  and  to  establish 
the  priority  of  data  requirements  in  Area  I should  ship  availability  not  allow  survey- 
ing the  entire  TOTO  area. 

AH  ship  positioning  was  accomplished  by  intersection  frcm  three  or  four  radar 
targets  when  possible  and  With  a radar  fix  and  dead  reckoning  when  necessary. 

Tracks  in  the  southern  portion  of  Area  II  could  not  be  completed  to  the  planned 
length  as  a complete  lack  of  radar  targets  precluded  any  positioning. 

INSTRUMENTATION 

A modified  REMPAC  (Reflectivity  Measurements  in  the  Pacific)  system^  os  shown 
in  Figure  3 was  employed  in  making  the  normal  incidence  reflection  loss  measure- 
ments. Basical!yf  the  system  consisted  of  an  AN/UQN-1  echo  sounder,  a linear 
receiver- amplifier,  a Bruel  and  Kjaer  (3&K)  single  channel  graphic  recorder,  and 
a low  level  signal  generator. 

The  system  had  five  modes  of  operation:  (1)  receive,  (2)  receiver  calibrate, 

(3)  transmitter  calibrate,  (4)  recorder  calibrate,  and  (5)  standby.  Modes  (2)  and  (4) 
were  used  to  insure  that  the  system  was  properly  aligned  and  calibrated  to  receive 
and  record  signals.  Mode  (3)  was  to  indicate  the  stability  of  the  transducer  line 
voltage,  but  was  inoperable  due  to  a lack  of  components  in  the  system. 
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FIGURE  2 TRACK  LOCATION  CHART  AREA  III  - EXUMA  SOUND 
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FIGURE  3 BLOCK  DIAGRAM  OF  MODIFIED  REMPAC  SYSTEM 


Two  ship-mounted  transducers  were  available  for  use.  Both  transducers  were 
checked  against  a calibrated  transducer  lowered  over  the  ship's  side  while  drifting 
in  deep  waters.  The  transmitting  response  of  the  calibrated  transducer  was  58.2  db// 
microhar/volt  at  1 meter  and  the  receiving  response  was  -70.9  db//vo!f/microbar. 
The  peak  voltage  to  the  transducer  as  read  on  an  oscilloscope  was  approximately  200 
volts  (141  volts  rrns)  and  the  source  level  of  the  calibrated  transducer  was  calculated 
to  be  101 .2  ct//mtcrobar  at  1 yard.  The  return  signal  levels  of  each  of  the  ship's 
transducers  were  nearly  identical  and  only  2 db  less  than  the  level  measured  by  the 
calibrated  transducer.  Therefore,  it  was  assumed  the  ship's  transducers  had  output 
levels  of  99„^y/m!crobar  at  1 yard.  Generally,  during  operations  the  ship's  forward 
transducer,  mounted  flush  with  the  hull,  proved  less  noisy  than  the  dome-type  trans- 
ducer mounted  nearer  midships. 


DATA  COLLECTION 


Tongue  of  the  Ocean 

Bottom  reflection  measurements  were  made  continuously  while  the  ship  was 
moving  at  six  knots.  The  echo  sounder  was  operated  on  the  6000  fathom  scale  and 
transmitted  a 150  millisecond  12-kc  pulse  each  30  seconds.  At  this  speed  twenty 
pulses  were  recorded  each  mile. 

Since  the  depth  transducer  was  being  utilized  continuously  no  fathogram  was 
being  printed  and  depths  had  to  be  measured  directly  from  the  B&K  paper  record. 


To  Insure  thct  depths  could  be  read  to  the  desired  accurccy  of  ±10  fathoms,  the  paper 
speed  of  the  ii&K  recorder  was  increased  from  the  norma!  operating  speed  of  1 mill!* 
meter/second  to  10  millimeter/ second  (see  Figure  4A)  at  least  each  tenth  ping  (each 
half  mile).  For  a paper  speed  of  10  mfllimeteM/second  a minimum  separation  of  5 
millimeters  was  required  between  outgoing  and  return  pulses  to  insure  the  depth  error 
did  not  exceed  10%  (as  limited  by  an  average  reading  accuracy  of  ±0.25  millimeters). 
This  factor  restricted  the  accurate  operational  depth?  to  approximately  1200  feet. 
Coincidentally,  at  depths  shallower  than  1200  feet  it  become  increasingly  difficult 
to  distinguish  between  transmitted  and  received  signals  at  the  normal  paper  speed. 

This  minimum  depth  was  exceeded  several  times  on  run  1 in  bath  Areas  I and  il  with 
a subsequent  loss  of  usable  data. 

On  occasion,  the  weather  conditions  contributed  to  a loss  In  quantity  and  quality 
of  data  obtained.  Rough  seas  (Sea  State  3 and  greater)  raised  the  background  noise 
level  considerably  and  caused  a marked  increase  in  ship's  roll  which  decreased  the 
number  and/or  level  of  the  return  signals.  Mast  of  the  returns  that  were  recorded  at 
this  time  were  obscured  in  the  background  noise  (see  Figure  48). 

Data  were  collected  over  six  tracks  averaging  35  miles  each  in  Area  l and  along 
four  tracks  averaging  60  miles  each  in  Area  II.  A total  of  more  than  6600  first  bottom 
reflections  were  recorded  over  the  combined  areas. 


Exuma  Sounc' 


Data  collection  techniques  were  the  same  as  those  employed  in  the  TOTO 
except  that  the  ship  cruised  at  a speed  of  eight  knots,  thus  reducing  the  density 
coverage  from  20  to  15  pulses  per  mile.  To  maintain  ?h®  desired  spacing  of  accurate 
depth  recordings  each  half  mile,  the  8&K  paper  speed  was  Increased  to  10  mllll— 
meters/second  each  7 or  8 pings. 

Almost  4000  first  bottom  reflections  were  recorded  over  the  fax-  75  mile  tracks 
in  Area  III. 


DATA  ANALY51S 


In  order  to  obtain  a common  frame  of  reference  for  data  analysis  each  track  was 
divided  Info  fwotnlie  segments  and  each  segment  was  assigned  a station  number. 
Figures  5 and  6 indicate  the  breakdown  of  each  track  Info  stations.  There  were 
usually  three  to  six  accurate  depth  recordings  on  the  B8.K  paper  tape  for  each  station 
The  average  value  of  these  readings  and  a sound  velocity  of  4960  feet/second  were 
used  In  computing  the  water  depth  for  a station . (The  sound  velocity  was  determined 


B.  EXAMPLE  OF  HIGH  BACKGROUND  NOISE  LEVEL 
DURING  SEA  STATE  3 CONDITIONS 

FIGURE  4 SAMPLE  B AND  K RECORDINGS 
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FIGURE  5 STATION  LOCATIONS  ON  TRACKS  OF  AREAS  I AND  II  - TOTO 


from  TOTO  oceanographic  data  and  Wilson’s  Tables0  and  is  a weighted  mean  for  a 
typical  water  column  in  July). 


Ideally,  each  station  in  the  TOTO  would  contain  40  bottom  reflection  data 
values  (30  data  values  in  Exuma  Sound)  from  which  a mean  bottom  loss  could  be 
determined.  Actually,  the  sample  size  varied  considerably  per  stction  at  It  was 
affected  by  fluctuations  in  ship's  speed-over-ground  and  the  loss  of  signal  returns 
due  to  shallow  depths,  rough  secs,  bottom  slopes,  bottom  roughness,  etc.  The 
greatest  single  factor  which  reduced  the  amount  of  usable  data,  and  thus  the  sample 
size  of  many  stations,  was  that  first  bottom  returns  had  to  be  discarded  as  invalid  and 
only  second  returns  used.  The  high  signal  strength  of  the  first  bottom  returns  was  out- 
side the  linear  portion  of  the  cmplifier  response  making  the  recorded  levels  erroneous 
aiid  only  second  bottom  returns  could  be  used  *n  computing  bottom  losses.  The  elim- 
ination of  first  returns  resulted  in  g loss  of  almost  25%  of  the  recorded  date  (almost 
2600  observe.;- ions  had  no  second  returns).  Despite  ell  the  limiting  factors,  a reason- 
able sample  size  was  obtained  for  most  stations.  The  average  number  of  usable  second 
reflections  per  station  was  21,  29,  and  18  for  Areas  I,  H,  end  III,  respectively. 

In  order  to  facilitate  the  analysis  of  the  large  amount  of  data  (7912  reflections) 
a program  for  computing  mean  bottom  loss  per  station  was  written  for  an  IBM  7070 
digital  computer.  Since  bottom  returns  were  expressed  in  decibels,  the  7070  computer 
calculated  the  anti  tog  of  these  data  values,  determined  the  average  absolute  value  for 
each  station,  and  then  reconverted  this  value  to  decibel  notation  for  use  in  the  bottom 
loss  equation  In  addition  to  bottom  loss,  the  standard  deviation  of  bottom  returns 
(which  is  identical  for  bottom  losses)  and  the  wafer  depth  in  feet  were  computed  for 
each  station.  The  results  of  this  program  are  tabulated  separately  for  each  area  in 
Tables  1,  2,  and  3. 

Mean  bottom  loss  was  calculated  for  ecch  station  using  the  following  equation: 


Bottom  Loss  ~ SI  - PL  + RR  + RG  ~ AS  - RC  - MPP 


where, 


5L  Source  Level  ®*  99.1  db/microben-  at  1 yard 
PL  Propagation  Loss  = 20  leg  4D  + 4aD 

D - Water  depth  in  yard3 
a " Absorption  coefficient  = 1.1  db/kyd 
RR  Receiving  Response  - -70.9  db//voif/roicrofccr 
RG  *•*  Receiver  Gain  “ 80,  90,  94,  or  95  db 
AS  » Attenuator  Setting  " 10,  15,  20,  cr  25  db 

RC  " Recorder  Calibration  (Odb)  - -40  db/volt 

M?P  - Mean  Peck  Pressure  « average  date  vgIus  read  from  B&K  record 


Ycble  1 Summary  of  bottom  reflection  loss  data 
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Table  1 Summary  of  bottom  reflection  loss  data  (Cont'd) 
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3 

13 
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11 

18.4 

5.4 

3 

14 
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13 
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15 
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Table  1 Summary  of  bottom  reflection  loss  date  (Cont'd) 
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Table  2 Summery  of  bottom  reflection  loss  data  (Cont'd) 
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; Table  2 Summary  of  bcf?o.n  reflection  !oss  data  (Cord'd) 
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Table  3 Summary  of  bottom  reflection  loss  dates 
Area  II) 
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1 

1 

4794 

8 

20.2 

1,6 

1 

2 

5024 

7 

19,7 

1,5 

1 

3 

5208 

9 

19,5 

1,4 

1 

4 

5451 

9 

17  J 

2,3 

1 

5 

5535 

11 

13,1 

1.3 
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5625 
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1,9 
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18,8 

5,9 
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19.4 
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1.3 
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16 

5625 
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19,0 

1.3 
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17 
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18,6 

2.6 

1 
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1.7 
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19 
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Table  3 Summary  of  bottom  reflection  less  data  (Cont'd) 
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Table  3 Summcuy  of  bottom  reflection  loss  deto  (Cant'd) 
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Table  3 Summary  of  bottom  reflection  loss  data  (Conf'd) 

Area  II) 
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Tivs  absorption  coefficient  was  determined  using  the  Schulkln  end  Mcreh  equation  for 
absorpi  ion*V,  "he  coefficient  used  for  the  entire  water  column  was  a weighted  mean 
of  the  coefficients  computed  for  ecch  of  the  fourteen  separate  Sayers  used  to  define 
the  typical  temperature  and  salinity  profile  for  this  <syea  :n  July* 


DISCUSSION 


Figure  7 gives,  some  Indication  of  the  extreme  of  fluctuations  In  boSfam  loss  en- 
countered ovsi  two-mile  stations.  The  cause  of  these  fluctuations  Iras  net  bear 
defined  and  will  nsr  he  dealt  with  here.  However,  It  should  be  noted  that  variations 
of  the  same  order  hove  been  observed  and  possible  explanations  discussed  in  the 
analyses  of  REMPAC  dot Although  there  was  substantial  variation  In  the  levels 
of  individual  observations  of  Station  22  (a  range  of  14  db)  the  mean  bottom  lees  nearly 
equaled  that  of  Station  23  (within  0 6 db)  - and  the  latter  stamen  had  c,  standard 
deviation  only  one-third  as  forge. 


That  the  mean  bottom  losses  showed  no  greet  divergences  from  station  to  station, 
and  indeed  from  area  to  area,  proved  to  he  fh®  rule  and  not  the  isolated  coincidence 
Considering  the  340  stations  from  all  three  areas,  the  tables  Indicate  the  range  ©f 
bottom  lassos  to  be  bom  a low  of  14,3  db  (Station  6,  Run  3,  Area  I)  to  a high  of 
26,2  db  (Station  10,  Run  1,  Area  11),  If  four  cicfa  values  were  selected  as  a minimum 
sample  size,  then  15  stations  of  doubtful  value  would  be  eliminated  and  ' he  range  of 
data  then  would  be  16.4  db  to  26,2  db.  The  frequency  distribution  histograms  of 
Figure  8 are  based  cn  data  from  stations  with  four  or  more  observations.  Although 
there  is  same  uarlet/on  in  fh®  genera!  shape  of  each  histogram,  the  mean  losses  tar 
the  three  areas  compere  favorably  (19,1  db,  19,4  db,  and  20,0  db) 

A more  meaningful  comparison  of  areas  resulted  when  the  stations  of  Areas  ! rota 
I!  wore  combined  into  one  representative  area  far  the  TOTO  and  compered  to  the  date 
of  Extmta  Sound  as  in  Figure  9,  The  two  different  frequency  distribution  histograms 
for  the  combined  stations  of  the  TOTO  are  presented  in  this  figure  to  indicate  the 
relative  effect  of  dope  on  bottom  lasses,  The  fop  histogram  (TOTOj)  presents  all 
data,  whereas  fh®  second  histogram  (TOTGj)  includes  only  the  values  for  stations  fr» 
depths  greeter  then  4000  feet.  (This  depth  wes  arbitrarily  chosen  in  an  attempt  to 
elimfnct®  most  of  the  area  with  slopes  greater  than  3 degrees  - in  number,  only  25 
stations  of  the  184  total  ware  eliminated).  It  Is  clear  that  fire  top  histogram  exhibits 
a much  greeter  sp.  ending  tendency  to  high  loss  levels  than  doss  the  TOTC^  histogram 
This  tendency  results  directly  from  the  fact  that  the  25  stations  in  depths  less  than 
4000  feet  had  a relatively  high  range  of  bottom  loss  values  (from  20,0  db  to  26.  2 db) 
and  a mean  iers  (22  ,6  db)  almost  3 db  greater  than  that  of  any  other  area.  For  com- 
parison with  Exunrsa  Sound,  *he  TOTO2  histogram  provides  the  more  realistic  frequency 
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distribution  at  the  entire  area  traversed  in  Exumo  Sound  was  over  a similarly  flat 
bottom  ?n  depths  always  greater  than  4000  feet. 


Figure  10  presents  the  three  smoothed  frequency  distribution  curves  resulting 
from  drawing  i . e segments  joining  the  mid-points  at  the  top  of  o ich  column  of  the 
respective  histograms.  These  curves  clearly  indicate:  (1)  the  higher  loss  values  over 
slopes  increased  the  right  skewness  of  the  TOTO-j  distribution,  and  (2)  the  closer 
similarity  of  TOYC>2,  rather  than  TOTOj,  data  with  the  Exuma  Sound  data. 

The  cumulative  frequency  distribution  curves  of  Figure  11  further  emphasize 
(2)  above  by  indicating  that  fully  95  to  98%  of  the  data  of  TOTO2  end  Exu.na  Sound 
foil  within  c range  of  16  to  21  db  whereas  only  85%  of  the  TOTOj  data  are  tn  this 
range  a (NOTE:  The  percentages  used  here  are  to  indicate  only  rhe  similarity  in 
distributions  and  ere  not  statistical  levels  of  confidence  that  predict  the  probability 
of  occurrences  about  a mean)., 


Additional  and  more  detailed  statistical  analyses  of  the  three  sets  of  dates  were 
performed  and  ere  presented  In  Table  4 where  they  can  be  composed  to  each  other 
and  to  normal  distribution  values.  It  can  be  seen  from  this  table  and  from  Figure  12( 
t!vs  comparison  of  the  smoothed  distribution  curves  versus  computed  normal  curves, 
that  ail  three  sots  of  data  do  not  very  greatly  from  a norma!  distribution  Exuma 
Sound  shows  the  most  normal  distribution  and  TOTO*,  .hows  ths  greatest  deviation 
from  normal  in  all  but  one  of  th®  fourteen  statistical  characteristics  listed  in  Tobls  4 

In  a further  ci  tempt  to  define  the  effect  of  bottom  slope  or-  reflection  lassos  in 
the  TOTO  and  Exuma  Sound  contour  cherts  of  bottom  loss  were  prepared  and  are  pre- 
sented in  Figures  13  and  14.  Those  stations  with  less  than  4 reflections  were  excluded. 
(The  bottom  loss  values  as  originally  computed  to  the  nearest  0,1  db  were  p 'oiled 
rather  than  rounding  loss  values  to  th®  nearest  whole  Integer  ,13  done  in  the  sorting  into 
class  intervals  in  tha  statistical  analyses). 

Although  th®  line  spacing  varied  from  5 miles  in  the  TOTO  to  12  miles  in  Exuma 
Sound,  it  was  sufficiently  close  to  determine  general  patterns.  Specifically,  a con- 
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FIGURE  10  FREQUENCY  DISTRIBUTION  CURVES 
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FIGURE  11  CUMULATIVE  FREQUENCY  DISTRIBUTION  CURVES 


Norma! 


TOTO,  The  marked  Irregularity  of  »he  bathymetry  of  the  marginal  slopes  made 
specific  correlations  impassible.  (As  Atheam  observed,  gullies  nearly  normal  to  the 
trend  of  the  marginal  slopes  occur  at  approximately  i mile  intervals  and  present  con- 
siderable relief  variations  of  up  to  100  fathoms  between  gullies  ond  ridges).  An 
approximate  increase  in  loss  of  2 to  4 db  per  mile  over  marginal  slopes  was  measured , 

Table  4 Comparison  of  statistical  characteristics 


TOTO, 


TOTO, 


(184  Stations)  (159  Stations) 


Exuma 

(138  Stations) 


However,  a more  definite  correlation  between  bottom  lass  and  bottom  slope 
emerged  v/hsn  the  c-ea  of  slopes  less  than  3 degrees  was  plotted  on  the  bottom  loss 
contour  chart  (the  shaded  area  of  Figure  13).  Inside  this  almost-  flat  area  iso- loss 
contour  values  seldom  exceed  20  db  end.  In  fact,  the  3 degree  area  limit  hardly 
varies  outside  the  18  to  20  db  contour  interval.  Contrastingly,  outside  this  area, 
where  slopes  overage  12  to  15  degrees  and  increase  to  30  degrees  before  reaching 
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Standard  Deviation  (SD) 
X ±1  SD 
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Variance  (SD)~ 
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x 1Q0) 
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NOTE:  TCTOt 

toto2 


- Includes  all  stations 

- Includes  only  those  stations  with  depths  >4000  feet 
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1 .35 
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95.0% 
99,2% 

2,94 
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4,16 
+0  60 
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1.27 
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0 791 
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2.94 
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4,7% 
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the  near-vertical  escarpment  wall  Inside  600  foot  depths,  the  bottom  losses  increase 
to  c maximum  mean  loss  of  26,2  db  (Station  10,  Ron  1,  Area  II).  Incidentally,  the 
S -shaped  2C“C'b  closure  located  in  the  central  portion  east  of  Salvador  Point  appears 
to  be  associated  with  an  existing  ridge  that  rises  almost  20  fathoms  above  the  air" 
rounding  topography.  Of  the  two  volleys  flanking  this  rise  (and  whose  axes  ore 
indicated  by  the  dash-dot  line  in  Figure  13)  the  westernmost  Is  the  deeper  main 
channel  and  has  side  slopes  approaching  3 degrees. 

Data  repeatability  was  reasonably  good  in  those  few  instances  where  tracks 
overlapped  each  c<  her  The  range  of  differences  between  eight  sets  of  stations  were 
from  0o  1 db  to  1 ,2  db  with  an  average  difference  of  0.7  db  between  stations, 

CONCLUSIONS 

The  separate  geographic  areas  of  the  TOTO  and  Exuma  Sound  exhibit  relatively 
stable  and  nearly  identical  bottom  loss  characteristics  - if  that  portion  of  the  TOTO 
date  obtained  over  the  sleeper  marginal  slopes  Is  discounted.  This  is  clearly  proven 
by  comparison  of  several  common  statistical  measures,  f,e<  - the  mean  losses  agree 
to  within  0,1  db  (19,1  ond  19,2),  the  standard  deviations  are  only  0,4  db  apart 
(0,9  and  1 ,3),  the  95%  confidence  levels  cover  essentially  the  same  range  (17  to 
21  db  and  17  to  22  db), 

The  overall  mean  less  characteristic  of  both  areas  is  about  1 ,5  db  higher  than 
the  reflection  Iocs  (17.6  db)  extrapolated  from  AMOS  curves^  for  12-kc  normal 
incidence  end  corrected  by  +6  db  for  single  arrival*:  If  the  AMOS  data  were 
adjured  further  by  applying  th®  same  absorption  coefficient  as  used  in  this  report 
(Winokur8  indicted  on  average  difference  of  about  0 2 db/kyd  exists  between 
coefficients)  than  the  difference  between  the  AMOS  reflection  loss  end  that  presently 
reported  would  be  less  than  1 db  , 

A definite  increase  in  bottom  loss  was  associated  with  the  increasing  marginal 
slopes  of  the  TOTO,  Although  no  exact  determination  of  this  effect  could  be  made, 
an  approximation  indicates  an  increase  In  loss  of  2 tc  4 db  per  mile  over  slopes 
averaging  12  to  15  degrees  and  little  or  no  Increase  in  over  slopes  less  than  3 
degrees, 

A possible  indicator  that  statistically  relates  increasec  bottom  loss  to  increased 
bottom  slope  Is  the  measure  of  right  skewness  of  the  frequency  distributions.  These 
data  show  that  above  the  upper  limit  of  the  95%  confidence  level  (21  db)  there  exists 
cn  approximate  relationship  of  1 db  increase  in  loss  for  each  0 1 unit  increase  in 
skewness. 
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